INTRODUCTION
============

Trauma is the leading cause of morbidity and mortality in children age 1 to 18 years.[@b1-wjem-14-569],[@b2-wjem-14-569] To care for these injured patients, designated trauma centers provide immediate, specialized treatment. Within these trauma centers, predefined trauma teams respond to the emergency department (ED) to provide such expert care.

The composition of these teams may include surgeons, emergency physicians (EP), anesthesiologists, ED nurses, respiratory therapists, and radiology technicians. In centers with resident training programs, resident physicians frequently compose a substantial membership. The members of these teams, however, vary by hospital, and many centers modify the composition of the trauma team by the severity of the patient's injuries, known as a tiered response.

Trauma team activation is dependent on the prehospital provider report. The prehospital report is used to determine the extent of the trauma team activation with the most severely injured met in the ED by the entire trauma team and the less severely injured met by a subset of the trauma team. This practice is designed to appropriately match and conserve limited resources and is often referred to as "secondary trauma triage." "Primary trauma triage" is the initial determination to transport an injured patient to a trauma or non-trauma center.

Criteria for internal trauma team activation and degree of response vary by hospital.[@b3-wjem-14-569],[@b4-wjem-14-569] Limited data exist for determining appropriate internal trauma team response.[@b5-wjem-14-569]--[@b12-wjem-14-569] Due to the limited physiologic reserve and poor response to injury in the elderly, many centers upgrade trauma team response solely for patient age, although this practice is controversial.[@b7-wjem-14-569],[@b13-wjem-14-569] Similarly, some centers increase trauma team response solely for young age as the evaluation of these patients may be difficult. However, no data supporting or refuting this practice currently exist.

The study objective was to determine if increased trauma team response results in alterations in resource utilization in this population, especially in those least injured. We hypothesized that an upgraded trauma team response would result in increased resource utilization (hospitalization rates, radiologic and laboratory testing) without decreasing the rate of missed injuries.

METHODS
=======

Study Design
------------

This is a retrospective before-and-after cohort study of children less than 6 years of age with blunt trauma. The study was approved by the study site's institutional review board.

Study Setting
-------------

The study was performed at a single center with both adult Level 1 and pediatric Level 1 trauma center designations. The annual ED census is approximately 65,000 patients/year, including 12,000 children/year. The pediatric ED is staffed at all times by board certified/prepared EPs or pediatric EPs and supports training programs in emergency medicine, pediatrics, and surgery.

Selection of Participants
-------------------------

Eligible patients included those younger than 6 years of age sustaining a blunt trauma mechanism and meeting defined prehospital criteria ([Figure](#f1-wjem-14-569){ref-type="fig"}). This included patients transported by prehospital providers and those arriving by private vehicle. Patients transferred from another facility were excluded. We identified patients from the study site's trauma registry, which collects data on all patients meeting defined prehospital criteria resulting in trauma team activation. We then searched the pediatric ED patient logs to identify any additional patients with trauma activations who were not included in the trauma registry.

Interventions
-------------

The study site has a 3-tiered trauma team response ([Figure](#f1-wjem-14-569){ref-type="fig"}). Prior to December 2006, patients younger than six years of age were upgraded one level of trauma team response solely because of their age (i.e. patients meeting "933" activation criteria were upgraded to "922" activation response and patients meeting "922" activation criteria were upgraded to "911" activation response). In December 2006, the protocol for trauma team response to the ED was changed such that children younger than 6 years of age did not have the upgraded trauma team response (i.e. patients meeting "933" activation criteria were treated as "933" activations).

We compared patients who had upgraded trauma team response (May to December 2006) with those who did not have upgraded trauma team response (May to December 2007). This time period was chosen to capture the same months, such that the mechanisms of injuries would be similar between 2 groups (avoid bias by including different months and potentially different mechanisms between the 2 cohorts).

The "933" trauma team was composed of the following personnel: emergency medicine (EM) faculty, a second- or third-year pediatric/EM resident, ED nurses, and trauma surgery team consultation by the third-year trauma surgery resident. The third-year trauma surgery resident consultation is mandatory on all "933" patients and occurred at any time prior to patient discharge. This consultation was performed so that the trauma team would be aware of all trauma patients in the ED in case of the need for admission. The "922" trauma team added the following physicians present on patient arrival to the ED: surgery chief resident, third-year surgery resident, second-year surgery/EM resident, and a third-year EM resident. A "911" trauma activation simply added the attending trauma surgeon. Additionally, the "911" and "922" trauma response teams added additional nurses, a respiratory therapist, and a radiology technician, all present in the ED at the time of patient arrival.

Data Collection
---------------

Data collection from chart abstraction followed previously published guidelines for conducting retrospective studies.[@b14-wjem-14-569],[@b15-wjem-14-569] We standardized data collection with variables of interest defined prior to chart abstraction via investigator meetings. Variables collected included age, mechanism of injury, initial ED Glasgow Coma Scale (GCS) score, initial ED systolic blood pressure (SBP), laboratory testing (including chemistry and hematocrit measurements), abdominal and cranial computed tomographies (CT), Injury Severity Score (ISS), and hospital admission from the ED. GCS and SBP were abstracted from the triage summary/attending EM note (not from the trauma registry). ED data abstraction information was done prior to documenting ISS and hospitalization data. We abstracted ISS data from the radiologic results, procedure notes, and discharge summaries.[@b16-wjem-14-569],[@b17-wjem-14-569] The ISS allows stratification of injury severity and is a standard score to identify patients who benefit from trauma center care.[@b18-wjem-14-569],[@b19-wjem-14-569] Three investigators (JH, RC, and MM) abstracted all data. Prior to data abstraction, a manual of operations (MOO) was created to define all data points and methods of abstraction. Prior to any abstraction, all investigators met to agree and revise the MOO. After abstraction of 20 cases each, abstractors met to review and finalize the MOO. To minimize any potential abstractor bias, each abstractor abstracted one third of the data from each cohort.

The primary outcome measurements were missed injuries and hospitalization. A missed injury was considered to have occurred if the injury was identified after discharge from the hospital (either discharge from the ED to home or from the hospital to home). An injury not identified in the ED but identified during initial hospitalization was not considered missed by this definition. This was based on return visits to the participating ED or referral to the trauma or ED continuous quality improvement (CQI) committees. Secondary outcome measurements included: 1) CT use, defined as obtaining either a cranial or abdominal CT, and 2) laboratory testing, defined as obtaining a hematocrit level or chemistry measurements.

A random sample of 10% (n=36) of the subjects were abstracted by 2 abstractors to measure inter-rater reliability of the abstractors. Inter-rater reliability was calculated measuring the kappa statistic (weighted kappa for ordinal data).

Data Analysis
-------------

We performed data analysis using STATA 11.0 statistical software (STATA Corp, College Station, TX, copyright 2009). Continuous data are presented as the mean ± standard deviation (SD) if normally distributed or median with interquartile range (IQR) if non-normally distributed. Prevalence rates are presented with 95% confidence intervals (CI). We assessed differences in categorical data between the 2 cohorts with chi-square test or Fisher's exact test (cases of small cell size). We analyzed differences in continuous data with Student's t-test if normally distributed data. Wilcoxon rank-sum test was used for non-parametric data or ordinal data.

We performed a multivariable logistic regression analysis to identify variables independently associated with hospital admission. We included trauma team upgrade in this analysis to determine if upgrading the trauma team response was associated with hospital admission while including variables to control for degree of injury (mechanism of injury, ISS and GCS).

Finally, we compared minimally injured patients (defined a priori as an ISS less than 6) in the 2 cohorts with regards to the number of CT scans, laboratory tests, and missed diagnosis (injuries identified after discharge from the ED or hospital) and described the risk of obtaining diagnostic testing or missed diagnosis with relative risk (RR) ratios.

RESULTS
=======

We entered 352 patients with a mean age of 2.7 ± 1.5 years into the study. Motor vehicle collisions (183, 52%), falls (83, 24%), and automobile versus pedestrian/bike (58, 16%) were the most common mechanisms of injury. The median ISS was 1 (IQR 1, 5), range 0 -- 45. Seventy-five patients (21%) had an ISS greater than 8, and 41 (12%) had an ISS greater than or equal to 16. Excellent reliability between the abstractors existed as kappa values ranged from 0.80 to 0.94.

The upgrade trauma team cohort included 180 patients (mean age 2.7 ± 1.5 years), and 172 patients (mean age 2.6 ± 1.5 years) were in the no-upgrade trauma team cohort. Baseline characteristics of those in the upgrade trauma team cohort and those in the no-upgrade trauma team cohort are presented in [Table 1](#t1-wjem-14-569){ref-type="table"}. The 2 cohorts appeared similar in age, mechanism of injury, initial SBP, GCS score, and ISS.

One-hundred twenty-one (67%, 95% CI 60, 74%) patients in the upgrade trauma team cohort and 73 (42%, 95% CI 35, 50%) in the no-upgrade trauma team cohort were admitted. We performed a multivariate analysis to identify variables independently associated with hospital admission. After controlling for head injury with the GCS score and severity of injury with the ISS, the upgrade trauma team cohort was independently associated with hospital admission ([Table 2](#t2-wjem-14-569){ref-type="table"}).

A total of 275 patients had an ISS less than 6, including 144 (80%) in the upgrade trauma team cohort and 131 (76%) in the no-upgrade trauma team cohort. An increased likelihood of receiving a CT as part of the ED evaluation was identified in those patients in the upgrade trauma team cohort (97/144, 67%, 95% CI 59, 75%) as compared to those in the no-upgrade trauma team cohort (66/131, 50%, 95% CI 42, 59%, Relative risk = 1.34, 95% CI 1.09, 1.64). Similarly, an increased likelihood of receiving laboratory testing occurred in those patients in the upgrade trauma team cohort (111/144, 77%, 95% CI 69, 84%) as compared to those in the no-upgrade trauma team cohort (59/131, 45%, 95% CI 36, 54%, Relative risk = 1.71, 95% CI 1.39, 2.11).

Six patients had return visits to the ED (4 in the upgrade and 2 in the no upgrade cohort). No cases of missed diagnosis were identified in the upgrade cohort (0%, 95% CI 0, 1.7 %) or the no-upgrade cohort (0%, 95% CI % 0. 1.7%). The 6 patients returned for the following: vomiting (2), abdominal pain (1), radiology call back for possible hepatic injury on abdominal CT scan (1), suture removal (1), transient ataxic gate (1). The patient with possible hepatic injury on abdominal CT was initially admitted to the hospital. The faculty radiologist reviewed the initial CT interpretation of normal and considered a possible hepatic injury to be present. The patient was re-evaluated in the ED by both the ED team and pediatric surgery team and felt not to have a definitive hepatic injury and discharged home. This patient was in the upgrade cohort.

DISCUSSION
==========

The study demonstrates that increasing the trauma team response simply due to young age of the injured patient does not result in appreciable clinical benefit. No cases of missed injury from the ED were identified regardless of the trauma team composition. Furthermore, increasing the trauma team resulted in a notable increase in resource use. Rates of hospitalization, CT use, and laboratory testing all increased when the trauma team response was increased, regardless of the degree of patient injury.

We believe the increased resource use is a result of a "framing bias."[@b20-wjem-14-569]--[@b22-wjem-14-569] The upgraded trauma team is normally activated for the most-injured patients. Once the team is activated, the members expect to provide care to a severely injured patient and thus evaluate and treat the patient as if he were seriously injured. The team is "anchored"[@b22-wjem-14-569] to the pre-arrival belief that the patient will be seriously injured, thus an expectation for an aggressive diagnostic work-up and planned hospitalization is made. When this belief is removed (patient does not undergo secondary triage as a severely injured patient), less diagnostic testing and fewer hospitalizations occur as the clinicians' expectations originate at a different origin.

Evaluating injured children is potentially difficult due to their young age and limited verbal skills.[@b23-wjem-14-569] Injured children are known to have special needs that must be addressed to provide the best quality of care.[@b24-wjem-14-569] Recognition of these difficulties has resulted in different evaluation strategies for those who are very young.[@b25-wjem-14-569],[@b26-wjem-14-569] Concerns regarding the difficulty in evaluating the youngest children likely generated the impetus to upgrade trauma team response simply due to young age of the injured child.

Surveys demonstrate that significant variation exists among the composition and activation criteria for trauma teams outside of the United States.[@b3-wjem-14-569],[@b4-wjem-14-569] Such variation is not known to occur within the U.S. but is highly likely. Variation in pediatric trauma care is a known problem and is considered a cause of decreased quality of care.[@b23-wjem-14-569],[@b27-wjem-14-569]--[@b29-wjem-14-569] In the current era of providing quality, cost-effective care, determining appropriate resource use is paramount. Although this study identifies a particular variable (upgrading trauma team response for young age of the patient) that appears to not be effective, further investigation is necessary to determine the most appropriate response for pediatric trauma patients arriving to the ED.

Previous work on "secondary trauma triage" has primarily focused on appropriate indications for trauma team activation in adult patients.[@b5-wjem-14-569],[@b9-wjem-14-569],[@b10-wjem-14-569],[@b12-wjem-14-569] Despite this work, definitive indications for trauma team activation in adult patients remain unidentified. The data are more confusing in the pediatric population, likely due to the limited data available and the complexity of these patients.

A prior study evaluating 2,311 children from a single trauma registry suggested that activating the surgeon for a pediatric trauma code was of low utility unless the mechanism was penetrating trauma. This decision would significantly decrease the need for a surgeon during the initial ED evaluation as patients without penetrating injury had a low likelihood of needing emergency surgery. This decision instrument, however, has not been validated, and it did not assess for possible improvements in care that may occur with the presence of a surgeon (decreased missed injuries).[@b11-wjem-14-569] A second study modified the pediatric trauma score and used it to predict trauma team activation.[@b9-wjem-14-569] This retrospective study identified all seriously injured children (ISS \> 10) with the modified pediatric trauma score. The study, however, applied the instrument at the time of patient arrival to the ED and did not assess its use by prehospital providers. As decisions on "secondary trauma triage" are made from prehospital provider reports, the tool requires assessment when implemented using information from the prehospital providers. Finally, a retrospective study of 152 "surgeon-directed trauma team activations" suggests that physiologic variables are sufficient to determine secondary triage.[@b30-wjem-14-569]

These 3 studies highlight the confusion in determining the need for surgeon presence in the ED at the time of patient arrival. Two of these studies considered the trauma surgeon necessary only in instances of emergency surgery,[@b11-wjem-14-569],[@b30-wjem-14-569] whereas another considered an ISS cutoff (ISS \>10)[@b9-wjem-14-569] as the outcome of interest. Although improvements in care may be recognized by having a surgeon available for patients who do not require surgery, it is not necessarily a requirement that a surgeon be present at the time of ED arrival for all patients with an ISS \>10. In the current era, with EPs and pediatric EPs trained in providing pediatric trauma care, many of these patients can be properly evaluated and initially treated by EPs with selective determinations made about the need for a surgeon. In addition, further triage may be performed at the time of patient arrival (i.e. dismiss the trauma team) if the patient is clearly minimally injured. This process requires future study.

LIMITATIONS
===========

This study was retrospective and therefore subject to the limitations of a medical record review. However, we performed the review following methodologically rigorous guidelines to minimize the potential bias from the review.[@b14-wjem-14-569],[@b15-wjem-14-569] In addition, this was a before-and-after study and subject to the bias inherent with such design. We are not aware of temporal changes at the institution that resulted in significant changes in hospitalization or evaluation practices (CT use) during the study period. In addition, recent evidence indicates that despite knowledge of radiation risks associated with CT, its use continues to increase across the entire U.S. and Ontario.[@b31-wjem-14-569] Furthermore, this study demonstrated ED CT use in children \<5 years of age nearly doubled from 2003 to 2008. Thus, if temporal changes biased our study, we would expect CT use to have increased in the later cohort (not decrease as was identified).

The 2 populations appeared similarly injured based on vital signs, age, mechanisms of injury, GCS scores, and ISS. Furthermore, we performed a regression analysis in an attempt to control for possible confounding variables. Finally, the study was conducted at a pediatric Level 1 trauma center with personnel experienced in the care of injured children. The results may not be generalizable to all centers. We did not identify any cases of missed injuries (injuries identified after discharge to home). It is possible that a missed injury was identified at another hospital and the patient was never referred to the study site. At such a low rate (\<1%), the sample size required to identify differences between the 2 cohorts would be so large that it would not be feasible to review records to this degree. A multicenter study would facilitate a larger sample size. Although the rate of missed injuries was zero, the current sample size allows for very small confidence intervals around the rate of missed injuries.[@b32-wjem-14-569] We did not study other potential improvements that may be recognized by increased trauma team response.

We did not conduct a formal cost-effectiveness analysis. However, no clinical benefit was identified with increasing the trauma team response, such that a cost-effectiveness analysis would not be appropriate as it would demonstrate increased costs with no clinical benefit. Finally, due to the retrospective methodology, we were unable to determine any potential harm by additional testing (i.e. unnecessary hospitalization for false positive test results).

CONCLUSION
==========

Increasing the ED trauma team response based upon young age of the patient results in increased resource use without apparent clinical benefit. For locations with EPs capable of evaluating and treating injured children, increasing ED trauma team resources solely for young age of the patient is not recommended.
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###### 

Baseline characteristics of the study population.

                                         Upgraded trauma response   No upgraded trauma response
  -------------------------------------- -------------------------- -----------------------------
                                         n = 180                    n = 172
  Age (mean)                             2.7 ± 1.5 years            2.6 ± 1.5 years
  Mechanism of Injury                                               
    Motor vehicle collision              99 (55%)                   84 (49%)
    Fall                                 37 (21%)                   46 (27%)
    Auto versus pedestrian/bike          32 (18%)                   26 (15%)
    Other                                12 (7%)                    16 (9%)
  Systolic blood pressure (mean)         111 ± 20 mmHg              110 ± 20 mmHg
  Heart rate (mean)                      121 ± 2                    122 ± 2
  Glasgow Coma Scale (median)            15 (15, 15)                15 (15, 15)
  Injury Severity Score (ISS) (median)   1 (1,5)                    1 (1,5)
    ISS \>15                             17 (9%)                    24 (14%)
    ISS \<6                              144 (80%)                  131 (76%)

All comparisons with p-values \>0.05

###### 

Multivariate logistic regression model to predict hospital admission.

                            Odds ratio (95% confidence interval)   p-value
  ------------------------- -------------------------------------- ---------
  Upgraded trauma team      5.66 (3.14, 10.2)                      \<0.001
  Age                       1.00 (0.84, 1.21)                      0.95
  Motor vehicle collision   1.03 (0.32, 3.34)                      0.96
  Fall                      1.70 (0.48, 6.03)                      0.41
  Auto vs. Pedestrian       2.36 (0.61, 9.16)                      0.21
  Glasgow Coma Scale \<15   11.4 (2.30, 56.0)                      0.003
  ISS\*                     1.55 (1.33, 1.81)                      \<0.001

Injury Severity Score (ISS) was included as a continuous variable in the model.
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